original work is properly cited. e purpose of this research was to establish the urban competitiveness index (UCI) by using the statistical optimization method for the econophysics approach. With this technique, economic data regarding urban areas and the factors a ecting UCI have been determined. e research covers 30 urban centres located in 15 countries worldwide. Urban centres with the gross domestic product per capita of $10,000 or more were taken into consideration. e signi cant levels of the factors were determined with the statistical optimization method, and optimum values were calculated with the developed optimization models. Re-index values were calculated and compared with the results of PricewaterhouseCoopers and World Economic Forum. According to the results, the high UCI value of these locations depends not only on economic data but also on high values of social factors. us, those locations are becoming the centre of attraction for investments and capital with increasing competitiveness.
Introduction
During the last forty years, new developments in the dynamics of the urban system in physics, the main incentive has come from mathematicians and physicists mainly adaptive cognitive systems in the economical perspective who started applying their models of emerging properties to engineering then to social sciences. which would give a global framework for explaining systems dynamics in a wide range of elds of knowledge [1] . Economic development research has been moving to data-driven approaches within the methodology of natural science, statistical physics, and complexity sciences [2] [3] [4] , which makes it possible to introduce new metrics that surpass the traditional economic measures in revealing current economic status and predicting future economic growth, with applications to economic development [5, 6] , trading behaviour [7] , poverty [8, 9] , inequality [10, 11] , unemployment [12, 13] , and industrial structure [5, 14] . Economists and physicists have also introduced a variety of nonmonetary metrics to quantitatively assess the country's economic diversity and competitiveness by measuring intangible assets of the economic system [15, 16] , allowing for quantifying the economies' hidden potential for future development [17, 18] in near real time and at low cost [19] .
Many economic methods have been used for the analysis of urban economy problems. One of these methods is the econophysics approach. Econophysics was rst introduced in India as a word, "Economics" and "Physics," a conference on statistical physics in 1995 [20, 21] . "Econophysics" is a new discipline insu ciently rooted in economic theory and empirical observation. Another peculiarity of new complex system theory is to focus on the emergence of properties at a macrolevel resulting from the interactions between individual behaviour at a microlevel [1] . Although this term deals with the relations between economics, physics, mathematics, and nance, it basically takes into account the interaction of theories of physics with the economy [20] .
is method, which is generally recommended for macroeconomics, is intended to be used for microstructures of financial markets. Moreover, it is seen that the econophysics method is widely used by the statistical method as a result of research studies because in the characteristic structures of economics data, financial time series leads to statistical features and empirical studies [22, 23] . In this research, the econophysics method was used for statistical physics to address urban competitiveness. As a matter of fact, the data are measured locally rather than globally. Additionally, economists and physicists have applied network and statistical methods to reshape the understanding of international trade that the knowledge about exporting to a destination diffuses among related products and geographic neighbours [24] . More recent works on econophysics and complexity are summarized by review papers [20, 25, 26] and books [20, 27] . e processes of economic, social, and political change constantly affect the economic balance in the urban centres and reveal the necessity of renewing and planning them in terms of competitiveness [28] . Not only national changes, but the fact that they have centres that can govern themselves, accelerate and shape this need e European Union (EU) is at the forefront, especially for the growing cities of developing countries to be at a competitive level. According to general belief, urban areas with less uncertainty and imbalance in the economy are more competitive than other cities [29] [30] [31] . is situation contributes to the rapid change and development of the urban. However, it is seen that the rapid changes of economic structures lead to uncertainty and imbalance in the economies of urban areas, and uncertainty and imbalance dominate in real economies [32] . Within this information, it is seen that the economic theories used are inadequate to account for sudden changes in the economy (fluctuations, sudden movements in the parts and mobility in the capital markets, etc.) [33] . e uncertainty and imbalance of the fluctuations in the economy have led to the emergence of new concepts and approaches. But, there is no specific model to reduce uncertainty and imbalance in the economy, and there are only temporarily developed models. e main reason for this is that the economic structures are complex and the change in the economy is fast. In such cases, the structures that form in the economies are transforming into stochastic models on a statistical basis [21] . In this work, we aimed to solve the problems of uncertainty and imbalance in the economy of urban areas by choosing the contemporary method of the optimization statistical physic techniques to reach the concept of econophysics.
Towards quantifying the complexity of a country's economy, the pioneering attempt was made by Hidalgo and Hausmann [16] who modelled the international trade flows as "Country-Product" networks and derived the Economic Complexity Index (ECI) by characterizing the network structure through a set of linear iterative equations, coupling the diversity of a country (the number of products exported by that country) and the ubiquity of a product (the number of countries exporting that product). e intuition behind this new branch of studies is that the cross-country income differences can be explained by differences in economic complexity, which is measured by the diversity of a country's "capabilities" [15, 16, 19] ; the statistical properties of financial markets have begun to apply physics concepts economically by attracting physicists [34] . Econophysicists have tried to use the theoretical approach of physical statistics to understand empirical findings [35] . Generally, many methods known in statistical physics have been applied to characterize time evolution in stock prices and exchange rates [34] . In the first examination, econophysics can be seen as wide physics models in the economy, that is, more quantitative approach, statistical models, concepts, and calculation methods. e macroscopic properties of intrinsic microscopic interactions cause a complex system in the economy. At this point, econophysics is associated with physical complexity (complex structures), reducing uncertainty and imbalance in the economy [36] . Immediately after those studies described above, Tacchella and research colleagues [37] developed a new statistical approach which defines a country's fitness and a product's complexity by the fixed points of a set of nonlinear iterative equations [38] , where the complexity of products is bounded by the fitness of the less competitive countries exporting them. Further, Cristelli and research colleagues [18] studied the heterogeneous dynamics of economic complexity and found, in the fitness-income plane, strong explanatory power of economic development in the laminar regime and weak explanatory power in the chaotic regime. Based on this observation, they argued that regressions are inappropriate in dealing with this heterogeneous scenario of economic development and further proposed a selective predictability scheme to predict the evolution of countries. Nevertheless, these economic complexity indicators are not perfect, for example, ECI suffers from criticisms on its self-consistency, fitness depends on the dimension of the phase space of the heterogeneous dynamics of economic complexity [17, 18] , and a new variant of the fitness method, called minimal extremal metric, can perform even better for a noise-free dataset [39] . Recently, Mariani and research colleagues [40] quantitatively compared the ability of ECI and fitness in ranking countries and products and further investigated a generalization of the "Fitness-Complexity" metric.
In general, the uncertainty and imbalance in the economy have been considered to be reduced by the Gaussian law [41] . is approach is not enough to reduce uncertainty and imbalance in the economy. is law is suitable for the use in economically viable microscopic models, such as the principle of randomly proportional effect. However, with the application of microdimension models for the complex structure of economies, healthy results cannot be obtained. In another study, the econometric approach was taken as quantum statistics. In this work, entropy, temperature, free energy, and the Hamiltonian concepts in probability theory are integrated into the quantum statistical method for mathematical financing [42] . As a result, the uncertainty of the phase transitions in mathematical finance has been found to depend on the temperature of the distribution, although the precision of the mathematical financial data is not known due to the uncertainty of the phase change. In order to acquire a more tangible result in this statistical analysis, optimization models with statistical physics have been used to obtain information about the competitiveness 2 Complexity of urban areas and their future competitiveness. us, it is inevitable to take the econophysics approach with physical statistics. e recent econophysical approach is that economic phenomena are related to statistical physics models [43] .
Urban competitiveness structures are very difficult to delimitate. e trading networks are evolving through time. Furthermore, urban structures are open (the exchanges with their environment enable, for instance, the introduction of technical or social innovations) and are overlapping, as an articulation of interlocked networks [1] . Understanding how economies develop to prosperity and figuring out the best indicators that reveal the status of economic development are long-standing challenges in economics [13, 44] , which have far-reaching implications to practical applications. Traditional macroeconomic indicators, like gross domestic product (GDP), are widely applied to reveal the status of economic development; however, calculating these economic census-based indicators is usually costly, resource consuming, and thus a long-time delay [45] .
Other techniques have been used to create urban competitiveness index (UCI) besides the statistical physics method. e competitiveness index of four UK cities, Birmingham, Liverpool, Glasgow, and Belfast, was established using the Delphi method and analytic hierarchy process with the multicriteria analysis method. In order to assess the urban competitiveness with the method used, city competitiveness was recommended to be strengthened and renovated and synergies of business strategies were to be established [46] . In support of this work, the benefits of urban renewal and change have been discussed through the creation of new creative industries, corporations, and institutions in the cities [47] . Another study concerning midsized French cities is aimed at increasing the competitiveness of the cities with both the efficient use of metropolitan assets and the resources of the land of the cities [48] . One of the different approaches of the study of urban competitiveness has measured two factors for examining the urban competitiveness power of Malaysian cities which are the diminished cultural life aspects of the cities and the marginalized flights to the economic suburbs [49] .
On the basis of the studies made for urban competitiveness, the most important factors affecting the urban economy are considered by the national economy. e reason behind this is that the current state of the global economy and capital constraints are increasing the competition between them by putting pressure on the cities of the world [50] . However, when urban competitiveness ties to the factors of the country's economy, it creates a gap in its competitiveness [51] . is is because the presence of new competitors and the variability of targets for cities are linked not only to the country's factors but also to the internal and external factors. For this reason, cities' competitiveness needs to be understood in terms of the strengths and weaknesses of the factors that affect their competitors. In order to establish the UCI, the econophysics approach has been used, considering the internal and external factors of the cities. e key contribution of this research is to compare the urban competitiveness of cities with how they are positively affecting the social lives of the people as well as how competitive the cities are in attracting investment and capital to them.
Urban competitiveness is structurally complex and multidimensional, and it differs depending on the variety of factors used in the developed methods [52] . Generally, the factors derived from Eurostat [53] are taken into consideration in such studies. However, in the work done, some restrictions were applied to the selected cities. For example, Sáez and Periáñez [50] studied that the population of selected cities was more than 100,000. us, differences in the number and type of factors used in studies can correlate with the methods used. e number of factors and cities used in the study varies from 1 to 199 [54] [55] [56] . e cities were studied with their per capita income which are thought to be influenced by urban competitiveness are 10,000 dollars and more are taken into consideration. e generated UCI is compared with the cities based on an artificial index. e main focus of this research is a comparison of how competitive big cities are in terms of locating and attracting investment. Since urban competitiveness is a complex, multidimensional issue, it is aimed to develop the UCI by developing optimization statistical method for the econophysics approach. is work contributes to the literature in the field of countries growing complexity, and the UCI was first explored by the econophysics approach in this research.
is work consists of four main parts. In Section 1, a literature study was carried out by examining the econophysics theory and UCI. Section 2 underlines the importance of the factors and responses that constitute the UCI. Development of optimization models for UCI is discussed in this section. e results of optimization models by statistical analysis for UCI and interpretations of this study are handled in Section 3. Finally, Section 4 includes conclusions and future research.
Methodology

Urban Competitiveness Factors.
Econophysics in urban economy has been defined as a new discipline by using statistical physics methods on urban competitiveness problems. In this case, urban economy with a complex structure can be understood with a new approach, the econophysics. e data obtained in the social, economic, and cultural fields constituting the urban economy have been interpreted by the econophysics approach. e results obtained by the econophysics methodology are used to evaluate the complexity of irregular forms, and nowadays, economists are able to apply them in the field of UC up to urban development models.
Urban economy is the biggest element that constitutes the macro economy of a country. In the structure of the region where the urban economy is located, work force, productivity, education etc., are directly connected to the factors. e stability of the UCI depends not only on these factors but also on the macroeconomic structure of the country where the economy is located. Cities, which are metropolises, also bring urban competitiveness as they have large economies.
e strength of the economy of metropolitan cities depends on many elements. In particular, urban areas' commercial performance and productivity play an important role in urban competitiveness because of its contribution to the urban economy. A number of methods have been developed for the measurement of UCI, and these methods have been used as an indicator system and weight unit and UCI in general. In the 2011-2012 Global Urban Competitiveness Report, a model of the UC output was created, focusing only on the economic parameters of cities [57] . e model is formulated accordingly, and the result is achieved. e economic size, efficiency, grade, quality, density, and effect of cities are taken into account in the form [58] . For the World Bank, there are four key factors in the evaluation report on the UC which were highlighted: economic structure, human resources, regional wealth, and factors of institutional structure. UCI was created by giving some values to these factors [59] . In order to calculate the urban competitiveness indices of the four cities of United Kingdom, investment, finance, social capital, improvement, and use/occupant's possible and physical environment factors were determined. ese factors are regarded as operational components in that study. Calculated factor scores did not capture any city superiority, but some cities had the highest scores for certain factors [46] .
In another research, nine different factors were considered fewer than three main headings to form the UCI. ese factors are determined as transportation, health, basic education, economy activities, labor force, higher education, business sophistication, knowledge society, and information society of the cities [50] . As a result of the statistical analysis, it was understood that the outcome in the infrastructure, not in the singularities, belong to these factors. However, the inadequacies of this study are that the factors should be studied, not as a group but as an interaction and singularity. It can be concluded the factors must be studied individually and interactively before the group is formed. For example, the factor "a" that affects the competence of urban competitiveness and the factor "b" with little or no effect should be considered as singular, and they should be calculated as significant or insignificant as a result of interactions. Moreover, ignoring the elements of the economy from the factors that influence a city's competitive power triggers the inadequate results to be achieved. It is also said that a city's competitive power is inversely proportional to the economic development. However, this proposal does not find a scientific infrastructure. Basically, the fact that the economic activity factor is statistically significant among the factors cogitated means that the relationship between urban competitiveness and the urban economy is strong.
In this work, 38 indicators were mentioned under six main factors (see Table 1 ). e data employed in this research cover the years of 2016 and 2017 [53, 55, 60, 61] . It was designed to establish UCI by considering the factors that are expressed statistically significant in previous studies. e fact that there are different factors in one study suggests the existence a complex structure for UCI and not a linear one. Having said that it is possible to increase the numbers of these factors and indicators; the mathematical optimization model can be obtained and applied to become more complex and stochastic. e analysis of this model will be very difficult and time consuming, resulting in having distance from optimum values. Statistical analysis is to be maintained by determining factors that are important to reduce this complexity and constitute many subunits as the target factor. us, in order to establish the UCI, the econophysics approach has been used by considering the internal and external factors of the cities. In this model, population, energy, and environmental factors were ignored. e study covers 30 cities located in 15 countries worldwide. In statistical analysis to be performed, for each factor, the gross domestic product per capita was used for 30 different cities over $10,000 [60] . In this context, the urban competitiveness levels of the analyses in the scientific literature are still being modelled. From a researcher's point of view, a city can be artificially measured according to its competitive power using different methods and theoretical models. Advantages and disadvantages of each method for urban competitiveness are stated, and they consequently contribute to finding the most reliable system. In this probe, a number of ways have been identified in determining the factors affecting urban competitiveness and the affected responses. Researchers working on urban competitiveness assume that factors are more directly influenced by the UCI value. When computing the UCI value, they referred to the values attributed to the factors and the formation of an artificial index. e indexes formed in some research are calculated according to the Nash theory and Freudenberg method. In such academic work, the relative weights of the indicators resulting from the weighting of the factors have been calculated. In other words, weighting calculations are made according to the weight of each indicator to obtain relative weights.
In another case study, UCI values were calculated by using a closed formulation method by giving a certain range of values to the factors and comparing the competitiveness of the cities. For example, in the global competitiveness report prepared by Ni in 2014, factors were evaluated between 1 and 7. Subsequently, the urban competitiveness latent formula consisting of six different factors was obtained [57] . In the competitiveness index developed for the 24 cities of Lithuania, the steps and basic characteristics of the composite index were used to measure urban competitiveness [62] . Similarly, the urban competitiveness forces of 23 US cities were measured by statistical analysis taking into account only 3 different factors [63] .
When we measure the urban competitiveness in our perspective, it is thought that the factors indirectly affect the UCI value, not directly. e reason for this is that there are some responses that these factors influence. We think that UCI values will be formed in the direction of the results obtained from these responses.
ere are two main responses to this study. ese are the gross domestic product (UGDP) and the gross domestic product per capita (UGDP-PC) of the urban areas considered for the UCI. e reason for taking these responses into consideration is the competitiveness of the cities and the measurement of the cities by their economic growth. Some researchers have considered these responses as factors for the strength of urban competitiveness.
ey have even argued that the economic growth of cities and the strength of urban competitiveness are directly proportional [64, 65] .
Development of Optimization Models for UCI.
e areas of use of mathematical optimization models vary. In particular, these models are used to solve the problems that cost, and benefit dilemmas are taken into consideration.
Mathematical modelling is carried out with the aim of reducing the cost and maximizing the benefits. In this study, statistical analysis of the mathematical model was performed.
ere are three basic things that make up mathematical models. In a mathematical model, the objective function, constraints, and decision-variable signs are considered. ere are three stages in the mathematical model created in this study. In the first step, the equations obtained as a result of statistical analysis are considered as objective functions. e next step is to obtain the data from the lower and upper limits that constitute the constraints. e fact that the index values used for the factors are greater than zero causes the decision variables to be greater than zero. In the optimization model developed for this study, the values of the decision variables will be greater than zero.
As a final step, the optimal values required for a city to have competitiveness have been calculated. A desirability function was developed to compute UCI scores of cities for the comparative outcome of the previous urban competitiveness index.
rough these functions, comparisons of competitiveness of cities were made.
Attention should be paid to the desirability value when achieving optimum results. Before constructing the optimization models, it is necessary to consider the function of desirability according to the results to be obtained as a result of statistical analysis. e factors affecting the response function directly affect the desirability function [66] . In short, it is desirable that the factors affecting the main response values are at the desired values. is is measured by the value of desirability. e best result is obtained as this value goes from zero to one when calculating desirability.
To find n factors' values, the function of each response value is expressed as
(1) e desirability function is specified as
where d(y) takes a value between 0 and 1. If d i (y i ) � 1, this is the desired best value [67, 68] , but if d i (y i ) � 0, it is the worst and undesirable value. General desirability is expressed as follows:
where l i and u i are the lower and upper specification limit of the responses, the power w i corresponds to the weighted factor, and w i is the parameter that determines the shape of d i (y i ). ere are three purposes for the value of desirability. ese are maximum, minimum, and target values in the objective function. In this study, formula (4) was considered in order to achieve maximum values of the objective functions. ere are three different conditions for each of these three situations.
For maximization problems, the desirability functions are
For minimization problems, the desirability function is
For target, the desirability function is
At the same time, for these three cases, nominal the best (NTB) for the target, smaller the better (STB) for the minimum, and larger the better (LTB) for the maximum conditions are defined in previous research studies [69] . e overall desirability function equation to be obtained by considering these three conditions is calculated by the geometric mean (see equation (7)). e use of the geometric mean is due to the fact that more than one dimensionless individual desirability scales arise. e individual desirability scales are merely a whole using a geometric mean and merges them into one desirability.
e overall desirability function includes the upper and lower bound values of the factors that have an effect on the response. UCI was created separately for each factor. UCI formula was obtained by geometric mean of these factors. e parameters analyzed as a result of statistical analysis were global-based so as to construct the UCI:
and
where UCI is the urban competitiveness index, c 1 is the regression constant, c 2 is the normalization constant, pi and k are competitiveness parameters, r k is the regression multiplier, UDGP i is the gross domestic product of urban, and (UDGP PC) i is the gross domestic product per capita of urban.
In this investigation, optimal UCI for each urban area needs to be established in order for cities to have competitive power. Contemplating two objective functions, it was aimed to maximize the urban competitiveness of cities. Both optimization models contain the same constraints. For the calculation of GDP belonging to the urban area (closed formula), maximize UGDPi subject to l ≤ x j ,
Optimization equation of the UGDP-PC (closed formula):
With this objective function, the two response variables are reduced to a single form. us, whichever response is maximum is the optimum value for UCI. e optimization model that maximizes the urban competitiveness index is formulated as follows:
subject to 
6 Complexity where the lower limit score " l ij " and the upper limit score "u ij " notations are used. x ij is the competitiveness parameter type (j: ET, L, T MS, G, F).y i (the first year of data use) and y f (the last year of data use) are symbolizations that indicate which data match the function.
Results of Optimization Models by Statistical Analysis for UCI
e calculation of the UCI is based on the data of the GDP and GDPPC of the countries they are affiliated with. is is because taking the factors that affect the power of UCI on a country basis has a more accurate result. e results of statistical analysis for UCI indicate that the determination of factors and responses is consistent in the general sense. Some changes and arrangements have been made on the writing of the article. e Minitab statistical analysis program was used for analysis of variance test of data in this research.
According to Table 2 , it is understood that all the factors are effective on the UGDP and these factors are meaningfully significant. In addition, the significance values of the factors are considered to be effective on UGDP-PC. From these factors, only the effect of the ET and FS is less pronounced.
Firstly, Figure 1 shows how the UGDP-PC is affected by the factors. It is stated that the education factor is a constant effect and that the increase of product productivity especially affects the negative direction. e line consisting of grey points shows the average values of UGDP-PC and UGDP in Figures 1 and 2 . Figure 2 shows how the UGDP is affected by the parameters. As the scores of education, employment, and financial factors increase after a certain point, the UGDP tends to be negative. It is observed that the level of economy, the size of the market, and the productivity of the product increased the level of economy of the urban area.
In order to have the competitiveness power of the cities, the factors must have optimum values as in Figure 3 . In this figure, which gives the optimum values, it is assumed that the parabolic impression of the curves belonging to the factors has more than one objective function. In such cases, improved optimization models are also defined as multiobjective optimization models. e reason for the parabolic view is that if one factor takes the maximum value for one objective function, the other has the minimum value for the objective function. In this case, it is difficult for the desirability value to be achieved at the optimum level. In addition, the optimization models established in this study show that the curves are stochastic as being parabolic. e reason for being stochastic is that the next step is unknown (steady state). A stochastic model was observed on the graph, and the parabola was observed.
According to the optimization models, the best results for the UGDP and UGDP-PC are given in Table 3 . e grey area shown in Figure 3 varies with the values taken by the factors. It shows the values that can be taken in the feasible set or area of objective functions of decreasing or increasing this field. e grey regions represent the settings in which the corresponding response variable has a low value or even zero desirability. More feasible space (white region) was formed for the UGDP value, while the grey area in GDPPC was higher. e upper and lower limits of the grey areas depend on the lower and upper limits of the constraints. In the direction of optimum results, the UCI power will increase only if the urban average UGDP-PC is less than $50,523.50 and the size of the UGDP is over $419 million. ese results reveal an urban area needs to approach these values to compete with other urban areas in economic and social areas.
Considering the optimum values of the data, new competitiveness indexes of the cities are established as shown in Table 4 . e components of urban structure with the econophysics approach index (EI) are clearly observed, applied in the emerging UCI research which affects the UCI, especially the human factor. e indexes calculated by statistical physics approach of econophysics for each urban were compared with 3 different sources. PwC indexes considered the economic structures of cities, while UN-Habitat data have considered both the economic structure and sustainable development of cities. In the study conducted for UN-Habitat, indexes have been formed in two different areas considering the economic dimensions and sustainable developments of cities. In addition to the economic dimensions of cities, biodiversity, urban mobility, technological structures, and urban planning methods which constitute the substructure of cities are considered to create indexes for cities. In our study, an index for each city was created by combining both fields in one area.
According to the comparison made with UCI, it has been determined that the method we have developed has a limited variation in some cities. In cities where changes are excessive, some factors are due to low index values belonging to developing countries. In general, the best results within the scope of UCI are spotted in cities, for example, in Europe, Far East Countries, and the United States, in terms of attractiveness for investment. As expected, top seats are occupied by "global cities," Tokyo, Madrid, Paris, Osaka, London, Seoul, and New York. ese cities are major economic centres and also have significant economic leadership positions around the world. Tokyo, New York, Los Angeles, London, Osaka, Paris, Washington DC, Seoul, Madrid, and Philadelphia are among the top 10 cities. is indicates the potential for being economically strong, attractive, and competitive cities for international investment. In terms of having the index of competitiveness power, the city of Buenos Aires has the lowest competitiveness, while the city with the highest competitiveness power was defined as Paris. 
Conclusions and Future Research
e statistical physics of the econophysics method was shown as an important approach for UCI in this study. is is the first time that the power of UCI has been linked to the social and economic factors with the application of statistical physics of the econophysics method. In order to establish the UCI, human, industry, and technology factors have to be taken into consideration in the economic parameters of the urban area. In this research, the level of education of people, urban technology, size of urban market, and urban economic development have been statistically evaluated. e reason for dealing with factors other than economic factors is that they are uniquely positioned to provide dynamic environments in which the cities operate. In addition, the vast urban areas of the world are sources of basic knowledge and innovation. is makes them central to the globalizing world economy. However, this globalizing context means increasing competition between cities in order to secure the limited resources available. e fact that the factors that are considered to influence UCI are in large numbers triggers the artificial level of the methods to be developed. e main reason for the display of the city's competitive talents is that it makes it attractive for investment and capital. Most of the work done for urban regeneration is at the regional level, resulting in the weakening of the competitiveness of those cities as a result of global changes. In this work, competitive indexes of big cities in the world were created. e limitation of the factors taken into consideration is based on the previous studies. However, among these factors, the UCI was formed by ignoring the political structures of the countries, and therefore regulations and laws. But, it should be noted that the competitiveness of the countries is the effect of social and political structures. ere are differences in the results when we take into consideration the data of the UCI obtained by the new method (econophysical approach method) that we have chosen in this study according to the report of the World Economic Forum in 2014 and PricewaterhouseCoopers (PwC) under the UC report. It is evident that the uncertainty and imbalance in the economies are less in the cities where UCI is high. At the same time, it is foreseen that with this approach, the high index of UC will be strong in future economies. At the same time, with the use of this approach, it is predicted that the future economies of the cities will be strong by having a high UC index.
Nevertheless, the fact that the UCI is low can be said to be a negative one in terms of the economy of the urban areas. As a result, social and economic factors are linked to UCI; tangible results have been obtained with the numerical data and the methods used for this research for the first time.
In the later stages of this research, an interactive statistical analysis of parametric and nonparametric factors will be performed by using the Box-Behnken technique, which is among the design of experiment methods by determining the different levels of the factors involved in this work. e reason for using this method is to show how the optimization models to be achieved are not linear and that the stochasticity and the factors influence the responses in the superficial graphs. In addition, it is aimed to enrich the optimum results obtained with the optimization mathematical models to be created with the scenarios.
Data Availability
e numerical data used to support the findings of this study have been deposited in the Global Urban Competitiveness Report 2011-2012. Also, we used World Bank urban development data sources. e numerical data used to support the findings of this study were supplied by Marmara University Scientific Research Institute under project no: FEN- Note. e cities considered for UN-Habitat were selected among the top 200 cities. e ranking indexes of the cities that are not on the list are written to the next city in the list of Table 4 . PwC: PricewaterhouseCoopers [70] . * UN-Habitat: the United Nations Human Settlements Programme, Global Urban Economic Competitiveness [71] . * * UN-Habitat: the United Nations Human Settlements Programme, Global Urban Sustainable Competitiveness [71] . EI: econophysics index.
